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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S232that evolved from the medial anterior boundary to the central region.
The scoring method showed excellent discrimination between disease
stages: the pattern-based score was signiﬁcantly different between all
knee groups and the correlation across groups indicated a strong
monotonic score increase with worsening of disease severity (Fig.2). In
contrast, medial compartment thickness did not show signiﬁcant
differences until an advanced disease state.
Conclusions: This study identiﬁed a characteristic progression in
thickness map with increasing medial knee OA and the scoring method
allowed for excellent differentiation between disease severities. The
fact that thickness patterns can be statistically associated with
increased OA severity is not trivial as thickness is known to vary among
asymptomatic individuals and response to OA is partially subject-
speciﬁc. In fact the novel method introduced in this study might
constitute a shift in the analysis of cartilage thickness. While a discrete
reference (KLG) was used to assess the pattern-based score, the method
provides continuous scoring and thus has the potential to detect more
subtle differences. Clearly the method will need to be tested with larger
cohorts and other OA conditions. However, the robust statistical ﬁnd-
ings here are very promising given the limited size of the training
datasets used for this study.
Figure 1. Characteristic progression in cartilage thickness with increasing medial knee
OA (left to right) identiﬁed using the method introduced in this study.
Figure 2. Pattern-based score was signiﬁcantly different between all knee groups (left
plot), whereas mean compartment thickness was less sensitive to increases in OA
severity (right plot). Data are presented as mean  SD, Superscripts indicate signiﬁcant
differences (asigniﬁcantly different from asymptomatic; 1signiﬁcantly different from
KLG 1; 2signiﬁcantly different from KLG 2; 3signiﬁcantly different from KLG 3;
4signiﬁcantly different from KLG 4).
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BONE MECHANOTRANSDUCTION VIA T-TYPE VOLTAGE SENSITIVE
CALCIUM CHANNEL PLAYS A KEY ROLE IN INDUCTION OF THE
OSTEOARTHRITIC PHENOTYPE
P. Srinivasan, A. Kronbergs, R.L. Duncan, C. Kirn-Safran. Univ. of
Delaware, Newark, DE, USA
Purpose: Mechanotransduction in bone is partially mediated through
activation of voltage sensitive calcium channels (VSCC). Mice deﬁcient
in Cav3.2 (alpha1H), the pore forming subunit of T type-VSCC (T-VSCC),
exhibit reduced new bone formation response to mechanical loading. It
is believed that soluble factors released by mechanically stressed sub-
chondral osteoblasts can activate catabolic pathways in adjacent carti-
lage tissue. The objective of this study is to understand the role of
T-VSCC in mediating the mechanotransduction signals in osteoblasts
and test whether the selective inhibition of T-VSCC in mechanicallystimulated osteoblasts prevents the development of an osteoarthritic
phenotype in chondrocytes.
Methods: The response of murine pre-osteoblastic cells (MC3T3) sub-
jected to either static or ﬂuid shear stress (FSS) (w3.5 dynes/cm^2 for 2
hours) conditions was compared using real-time PCR and Western blot
analyses. T-VSCCs were inhibited by NNC 55-0396 in cells treated under
the same conditions. Phenotypic changes of primary mouse chon-
drocytes grown in 3D micromass cultures and treated for one week
with conditioned media (CM) collected from MC3T3 (sheared or static)
were assessed by real-time PCR, immunolabeling, alcian blue and
alizarin red staining.
Results: While cyclooxygenase2 (COX2) and osteopontin are signiﬁ-
cantly increased following FSS in MC3T3 cells, responses to FSS are
reduced by half in the presence of NNC 55-0396. Additionally, treat-
ment of primary chondrocytes with CM from sheared MC3T3 cells
induced expression of hypertrophy markers (Collagen X and Alkaline
Phosphatase). This catabolic effect was nearly abolished when primary
chondrocytes were treated with CM obtained from MC3T3 sheared in
the presence of NNC 55-0396.
Conclusions: Inhibition of T-VSCC's reduces the response of osteoblasts
to FSS. Sheared osteoblasts secrete factors capable of inducing hyper-
trophy and potentially pro-inﬂammatory pathways in chondrocytes.
The observed inhibitory effect of NNC 55-0396 indicates that T-VSCC is
upstream to the release of soluble catabolic factors from osteoblasts and
therefore can be a potential target for blocking subchondral bone
response to abnormal mechanical loading and subsequent cartilage
degeneration in OA. To test this hypothesis, we are currently comparing
OA progression and subchondral bone response between Cav3.2
knockout and wild type mice using a noninvasive in vivo knee loading
model.
This work is supported by P30 RR033385.
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AUTOMATIC CARTILAGE SEGMENTATION AND MEASUREMENT FOR
DIAGNOSIS OF OA USING 3D BOX AND GAUSSIAN FILTERS
X. Cui y, S. Li y, M. Yu y, H. Kim y, K.-S. Kwack z, B.-H. Min x. y Sch. of
Information and Communication Engineering, INHA Univ., incheon,
Republic of Korea; zDept. of Radiology, Ajou Univ. Sch. of Med., Suwon,
Republic of Korea; xDept. of Orthopaedic Surgery, Ajou Univ. Sch. of
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Purpose: This paper presents an automatic cartilage segmentation
using 3D Box ﬁlter and multi-level Gaussian ﬁlters for diagnosis of
Osteoarthritis (OA) with gradient multi-echo Magnetic Resonance
Images (MRI). The 3D Box ﬁlter is applied for automatically detecting
the Volume of Interest (VOI) of bone, and the multi-level Gaussian
ﬁlters are applied for accurately computing the 3D normal vectors of
cartilage. Then, the measurement of cartilage thickness and volume is
made along the direction of the normal vectors in the VOI. Experimental
results demonstrate the robustness and efﬁciency of the proposed
approach to 3D cartilage segmentation in the gradient multi-echo MRI.
Methods: In the gradient multi-echo MR images, separating cartilage
and muscle based on intensity is a difﬁcult job because they are very
similar in intensity. This paper ﬁrstly introduces a 3D box ﬁlter for rough
selection of the bone VOI where cartilage is attached. In order to speed
up the processing time, a 3D integral image is computed. Secondly, a 3D
hybrid level set segmentation algorithm is applied to the detected bone
VOI for ﬁne segmentation of bone from other tissues. Traditional hybrid
level set algorithms need to manually set an initial seed volume.
However, this paper proposes an automatic initial position estimation
method by computing the minimum energy in the 3D space, which
corresponds to the center position of the bone. Then, the 3D multi-level
Gaussian ﬁlters are developed for computing the Bone Cartilage Inter-
face (BCI) by ﬁnding 3D normal vectors from the 3D bone surface.
Finally, the border between cartilage and other tissues such as muscle
or fat is determined based on local and global histogram information of
intensity from the bone up to 5mm region along the normal vectors
(The maximum cartilage thickness is assumed 5mm). The thickness and
volume of local cartilage in the 3D VOI are measured along the 3D
normal vectors.
Results: In this research, six gradient multi-echo MRI's from three
different patients are used in order to demonstrate the performance of
the proposed method. It is able to segment the cartilage and measure
the thickness efﬁciently for all the test data. Fig. 1 and Fig.2 show the
segmentation and measurement results with gray and color types. The
